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(57) : A graft-and-stent combination: Is disclosed for 
deploying by an intravascular delivery system at the site 

; oflainxaheurv^ 

: frorriafirstdiametertoais^^^^ 
open ^ndpress the;g!ra^ 
men just proximal and disterto the aneufysm^^^^^ 
bination is clijaracterlzed by pna 
flexible due to independently expandable and intercon- 
nected cylindrical elemehts^^^ 

dial strength to the combination when the graftrand-^ 
stent are being attached to the yesseirbut 
theless afford sufficient resiliency to allow a great de- 
gree;of expansion at a; rapid rate when the cpmlpination 
is being deployed. Attachment elements; in the form of 


extending distally and proximally of the graft after ex^ 
pansipn to the waills ,bf the ■vessei;just dist^ 
imally of the aneurysm. 
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Description 

BACKGROUND OF THE INVENTION 

The invention relates generally to endoprostheses 
and, more specificially, to intraluminal grafts arid devices 
for delivering and deploying the sarrie to an area of a 
body lumen that has been weakened by daimage or dis- 
ea^se.such asby an aneurysni otthe abd^ 

Ah abdbmirial aortic 
mal dilation of.the arterial wail of the aorta in the region 
of the aorta that passes through the ■abdominal cavity, 
the condition most- ^ . 
rotic disease- Frequently, abdominal aortic aneurysms 
are! dissecting arieu rysms. . tfiat Is aneurysmis' that are 
formed when there Is a tearor fissure in the arterial lining 
or wall through which bloods is forced^ a^^ evehtuaiiy 
clots, forrri irig a th rorribps is Wh ich swells and weakens 
the vessel. Abdominal aortic aneurysms da 
pain» but are easily detected ia^^^ 
amination: if the aneurysm is not detected and treated, 
It is Ifkely to rupture and cause masslve^^ 
fatal to the patient : 

treatment oi AAAs comprises sornefornri of artei-ial 
reconstructive siirgery-wh]^ 
a "triple-A" prbcedure. One such rinethcd is by-p^ 
,gery, iri vyhich .an jo^^^^^ 

caylty; the aorta is closed off above and below the si 

of the aneurysm, the aneurysm is resected. a^ 

thetic graft or tube sized to approximate the diameter of 

the nbrmal aorta is sutured to the ^^^^^ 

'arieurysm^ 

; be re-established.; Thia^^ 
a biocbiripatible material :that is^^ c^ 
\walied. Nylons and synthetic fibers s^^^ those rnan- 
ufactured under the trademarks DAGRON or TEFLON 
have been found to be suitable for the construction of 
the graft. Studies have shown that the mortality rate as- 
sociated: with, this surgical procedure is favorable (less 
than 5%), when it is perforiTled prior to rupture of ian an- 
eurysm. However, patients haying an AAA typically :are 
over 65 years of agev and often ^^^^ 
nesses which: increase the risk of peripperatlye or post- 
operative complications; those patients thus are not 
ideal candidates for th is type of rhajor su rge ryl Fii ilh e r, 
It has been pointed out that this procedure not often suc- 
cessfully is, r^ to after ari aneurysm has, ruptured 
(the mortality rate increases to over 65%). because of 
the extehsiyeness of the siirg^^ and the time required 
to prepare a patient for the procedure. 

Because of the aforennentiorie^^^ 
conventional surgical methcds, another procedure was 
deveioped as an altera 

gery! This-hfiethbd also Involves ernplacemeht of ag 
at the site of the |[nWrysiTi; how the! graft 'is de^ 
ployed there by being carried by a catheter, wire or other 
device suitab.fe for riisgbtiatirig the vasculature which is 
routed through the vascular system to the target area 


for treatment . The graft and its deployment system of- 
. ten ardlntroduced into the blood s^^^^ 

with a femoral approach and the entire procedure can 
be performed using local ratherthan ge^^^ 
. 5. sia. 

Once the graft has been positioned at the aneu- 
rysm, itisdisehgagisdfrbm 
'■ bei affixed to the aortic wall both distally and p^^^ 
of theah^eiurysm. For'^^ Lisu- 
10 ally include fjxation mearis such as staples or hooks • 
which can be man ip^ 

the vessel via some mechanical -feature o^ the system 
: br.Oaitemaiively^^ 

expansion of the graft through the; application of pre 
IS : sure pi'.a terriijper^^^^ 

tachment of the graft and to prevent the attachment el- 
errients from danriagih^ 

ward moverri eiit of the system ;wh il e ' th e g iraf t is beirig 
routed tp.thetreatrnenrsite.th^ 
:20 vided with a feature such as a capsule pr;^ sheath that 
protects and contains the graft until such time as deploy- 
ment if desired. 

Once the graft is Jn place, it is positioned in the ves- 
sel sparining the site of the aneuiysrri such tha^ 
25 of the graft are generally: parallel to the wails of the af-:; 
fected area of the aorta: The aneurysm 
, frprn the.circulatory..systern by th , 
resected altogether: |f the aneurysm is a^^^ 
and a thrombosis exists between the walls of the aorta, 
30 the now-excluded aneurysm may beneficlatty provide 
structural supporlifoKthe^g 
V Grafting sv^^ 
V: nriphly is referred tp;asaniM 
• ing the graft; The attachmerit^^s^^ 
35 which is. fitted inside, and with, the 

graft, and which can extend out of the graft at either or 
. both the proximal and distal: erids thereof, the attachr 
ment system often has a lattice-like or open- weave 
scructure, that prdyides it with,:fl^^ 
40 motes rapid endothelial tisisue grbvrth thl'ough the struc- ' 
: : ture once the graft has been d^^ be prcn^ .: 

vided with additipnai hcwk-Hke elern^ 
, ^\ of theintimal waiisjf^^ 

ta; or s ueh hook-l ike elements may be provided on the 
:45 graft itself . Ca raft syste 

in U.S. Patent Nos.:4/787.899 (Lazarus); 5.1104,399 (La^ . 
':.' 'zarys).'.. .. ' " :,Z..:::'C::::-..:C^^^^^^^ -:::;,'.:':.:.':v- ' 

The actual function of delivering the graft may be 
. accornplished by in^ ipi::': 
50 troduclng pressurized fluid Into a lumen of the catheter 
from a source external to th^^^ of the bal- 

loon applies a forcatbthe grafli.a^^ sys- . 

iSm supplied therein^ and 
■ : presses the graft :ahd attachmeht;sy^^ into the vessel 
. 55- just above :isuidi.juM^ When an 

= attachment system is used, disengagement of the cath- 
eteMrom the graft also has bee^^^^^ 
advantage of the chemical properties of the material 
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from which the attachment system is manufactured. For 
exaririple. a prior art attachment system is known that is 
in the form of a coil oi an nickel-titanium alloy, manufac- 
tured under the trademark NITINOL;™, that vyill expand 
radially upon being heated to a higher temperature. The 
longitudinal dimensions of any attachment system used 
must account for any reduction in lehgth that rhight result 
from fadiiil expansion of the device: Other devices Used 
tci attach a graft to^fl^ 

intravascularstents Patent No. 

In order for a stent to be us;ed most advantageously 
with a graft depipyment s^ 

of aneurysms, the stent must be coniposed of a biccom- 
patibie rnaterjai, the stent isimulta 
ibie enough to comply with the catheter or other element 
used to route the graft through: tfia o^^^ tortuous vas-:. 
cular path to the site of the aneurysm and strong enough 
radially to niaintain .the ppenirig iri the graft once deliv- 
ered: The stent rnust be well suited to.deployment by a ■ 
delivery system that is not overly complex, and thus is 
rejiable and easy to operate: Furiheiri it is desirable that 
the stent be expandable, so thatrupbh appiication 6^^ 
force or physical change from within, which iis sufficient 
to cause its radial exjDansibn7the stent e^ 
fixation of itself and of the graft to the aortic walls. Al-' 
though various graft delivery, systems have been pro- 
posed; none adequately provides all of these desirable 
features; 

What has been needed and heretofore unavailable 
is a stent J ifbr- u se:: iri icorribinatlbni wittV a 
. a :hlghV:degree' bf flexibility for efficient ad^^ 
^th rough -tortubus^p^^ 

expanded frbrn a relatively snnall diameter to a rielatively 
. large diameter without substantial longitudinai |co^ 
tion, and which exhibits mechariical;strength sufficient 
to adhere to the vessel walls and to maintain the patency 
of a synthetic graft impfented at the site of an aneurysm. 

SUMMARY OF THE INVENTION 

Particular embodiments of tha 
ed to a stent for use with catheter-graft deliye ry systems 
for repairing diseased or injured vessels, and most no- 
tably for treating an^ 

the abdominal aorta: In one embodiment the stent ^ is: 
expandable, so that a. |pw prof ije ban be nriaintained 
wh ile the graf t-and-stent combinat iort is being routed to 
the aneurysm, and then expanded at the tirrie of deploy 
ment to a diameter roughly approximating the diameter 
of a heafthy abdornirial aorta and the final diameter of 
the tubuiarrshaped graft. Tubuiar grafts used in the der 
livery systern are cohyentiphal and are well known In the 
art: Hbwever. thb scent that is disposed within the graft 
Is hbvel and unique: It has abonflguratlpn that^^a 
to expand radially to a much larger diameter than was 
heretofore ppssible, and is provided with hooks to pen-; 
etrate the aortic wall at least above the aneurysm to an- 


chor the graft. The stents are somewhat flexible along 
their longitudinal axis to facilitate delivery to the treat- 
ment site through tortuous blood vessels, but in the ex- 
panded cpriditibn they are radially stable enough to 
5 maintain the patency of the graft and aorta and to attach 
the combined structure to the aortic walls: 

As used hereih^^ to the •prbxirhal" is to- 

ward the exterior of the patient ^hd aWay froiii the stent 
and graft.: . 

stent and graft ;p^ the ballpbn ipdrtiori of l^ie catheter 
the prbximal' a^^ bistal feferences app^^ to directibris . . ^ 
in the vascular system and especially to the aorta; ' 
. ... : Jn .a pi*eferred- e 
the'distal end of a tubular graft such that at least a por- 
tiph of the stent |s exposed istii ly. beyond th e distai ehd . 
of the graft: The graft^and-stent are deployed intralumi-; 
haliy such thatlh^ 

are polsitiphed distally of the ianeurysrii while the'^^^ 
. ma| end of the.graft extends prpximally of the aneury.sm,, .. 

20 The distal end of the stent is proyided with attachment 
hooks for penetrating healthy tissue in the aortic wail 
above the aneurysm |n order to Attach the ^^g 
stent combination to the aortic wall. ■ The attachineht 
hooks can have multiple configurations as described 

25 herein' Due tbthe high pres 

flow in the aorta, it may be uhhecessary to provide at- ; 
. tachment, hocks in the proximal.. end of the graft .sjnce; . . 
the graft will be held in pjace by the pressure of the W 
fioW; However, under certain conditions* attachment : : 

30 hooks In the proximal end of the graftmay be desirable; 

: : : 

tached to a tubular graft, on e stent at the prbximal end "': 
4pcl pne stent at the distai end. 6^^ The stentis ^ 

are ioriehted so that wh eh both the^graft and the stents . 

35 are expanded to larger diarneter states, t^ 

be coaxial with the graft. The portions of the stent ex- 
tending: but of the graft are aiffi^ 
trating healthy tissue: in the walls of the aorta above and 
. betow.:thi9.:aheurv^^^ 

40 structure to the abrtic wall: The hooks can have multiple 
cbfifigu ratioris s^ th e bartjs 

can be of ; various shape^^^^^ : 
gles,- SO: that the hooks .effectW ahchbr the: graft-. " ; . ; . 
: iand-stent combination to the aortic wali:;^5^^^^^^^:^;^^^^^^^^^^^^^^ 

45 ^ : Geheraliy,:a stent brnbody^ invehtion Includes ; 
a plurality of cylindrical elements aligned along a longir 
^ -^1^ - 1 the graf The by ji nd^ : arei irt: ''■ 

terconneicted by at least one interconnecting member, 
but each cylindrical elem 

so ed to a degree in a radial directbn independently of oth- 
er cyiindrica I elern^^^^^^^ 

: The graft-and-steht combination can. be readi 
livered to the ari^^^ mburit ihg K prt a bal Ipbn ppr-r ! 

tlc>h of: a delivei^/cathete^^^^^^ piassihg the catheter^ ; 
55 . graft-slent assembly :th rough the: vase u latu re to the im:r . . 
plantation site. A variety of means for securing the graft- 
and-stentpornb^^ : 
avaliable^ PresehtV^ to compress the stent 
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onto the balloon, and to. retain the stent and the graft on 
the balliDon using a prbtective s^^ 

Other features and advantages of the present in- 
vention will becolne itib.r© apparent from the follbwihg 
detailed description of the invention, when taken in.coh- 
junction with the accbnapanying exennplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a plan view depicting the ste^^^^ 
Kooks.at one end and. prior to rolling it into a cylindricaj 
configuration. 

. F)G. 2.is aperspectiya v^ 
of FIG. 1 roHed irito a cylindrical configuration with'Only 
the tbjp ring tul|y depjcted^^f^^^ 

FIG. 3 is a perspective view ot a portion of the stent, 
of FIG. 1 rolled into a- cylindrical cohfiguratioh-arid -ex^^ 
panded. again with only the tbjD ring fully depicted fpir 
clarity,. , 

/ ■ FI.G: 4; is a plan vie w depicting the ste 
form and having support bars on the edges for welding 
when the stent is rolled into a cylindrical fornn and de- 
picting spikes for attachrrientmeans^^^ 

Fli3. is is a plan view of the stent depicting alterha- 
.- live attachment means and lap joints which mate when 
the stent is rblled into a cylihdrlcarc^ 

FIG. 6,is a p!an view.ol the stent depicting ari aiter^^^ 
nate embodimerit of the Invention having attachrnent 
hooks with barbs; : i 

FIG. 7 is an enlarged partial plan view of the stent 
of FIC^ e dejp^ 

: : FIG; 8 is ah elevatioinial vie^^^^ 
the stents ihcdrpbrated m ^raft and of a deiivery sysr: 
tern, which can deliver and deploy the s^ 

Fl G. 9 is an enlarged partial yievy of one of the stents 
shown in FIG. 8 attached to the graft; 

Fli3: 10 is an elevationaf view, partially in section, 
of the stent, graft, and delivery system of FIG. 8, after 
the graft-arid-stent cbmbinatibn has.beish advariced and 
deployed in the regioh of an aneurysm and the stents 
h^e been 

^ : : ;■ F iS; an eleyatipnalvievy; partially in sectiortv 
; brihe graift-and-stent cornbinatiori of FIGS/? and lb- 
after the combination has been deployed and the cath- 

■^■.eterwithdra\Am 

: :; : FIG. 1 2 Is Bn olevatlonal vlew. partially in section, 
V branch mearns by which 'ai ste^^ embbdy in^ the in- 
vention can be incorporated into a graft delivery system, 
depicting the system prior to adi/ahcemeht^p^^^^^ 
and-stent combination into the region of an aneurysm. 

FIG. 13 is an ejeyatioriai view, partial^ sectfon, 
of the delivery systern of FIG. 12 aft^ 
: :Cb^ 

in the i'eglbh of an aneurysm. 

FIGi. 14 is an elevational yiew^ partially in sectibr), 
of an alternate means by which a stent embodying the 
Inyientioh can be incorpbrated ihtb a graft delivery; s^^^ 
tern, depicting the system prior to deployment of the 


graft-and-stent combination. 

FIG; 15 is an elevatibna| yjew^ partially in section, 
of the delivery system of FiG. 14, depicting the system 
during deployment of the graft-and-stent combination. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBObiMENtS 

. ;; vThe ih^^ brie 

or mbi'e^b^ is used in conjunction with a khbywn 

tubular graft ^ of ail types. As 

described herein, referericia is made to rep^^ 

tic aneurysm pther bo^ : ' 

suited to receive the graft-and-stent c^^ 

pireseritir^^ ., 

FIG: 1 depicts a stent 10 embodying features of the 
iriveritibri, iri.the sta^^ . 
prior to; rollihg int^^ a cylindrical cbrifigu^^^^^ stent 
gerierally ..is comprised of a plurality of; cylindrical rings 
.:t2 vyhicl^are s c|ps;e.enpugh together tp allpyythe 
stent to provide a reliable means of attaching the graft 
at the treatnrient site, but are not so tightly spaced as to 
inhibit: the flexibility of the combination! The cylindrical 
rings are cbnnected to each other by cbnneicting rhem- 
bers 14! Each -cylindrical ring is characterized by. a ser- 
pentine or wave p^^ haying a series of; alterhating ; 
peaks 1.6..and valleys I.e. The degrees of purvature in- 
dicated by arrows B along adjacent peaks and valleys 
are different and. preferably,- the. pattern of each cylirir: . 
drical ring is in phase with the pattern of every other cy- 
lindrical ring.J^ • 
in the-fbrm bf ;hobks, can be prbvlded on ia first iehd 22 
ofthesterit.lb;^^ 

is i defp Ioye[d; A secbnd erid 24 of the stent wll | be at- : 
tach ed tp.th e g raft wtienth e g raft-and-stent comt) inat ion . 
is assembled. As Is described more fully below in rela-^ 
tiori to FIG§. 8-11 . when two stents 10 are usecl iri com- ■ 
bination with a single graft, only the stent situated at the 
nibst distal end of the. graft need be provided with at- 
tachment eleniehts in order to adequately anchbr the 
cptnb inatjb f^l ■ 5 cbp^ 9 ^ ratioiri 

ol the hooks is such that each is positioned at everypth- ; 
er peak i 8 that is- at th e f I rst end ^2 of the stent, wh Jch 
will comprise the most distal end of the stent when it is 
fuliy'fbriihed^^^^^ Each ;hpGk;^;:y; 

has a shaft portion:32 extending outwardly from the disr 
taliinpsV^ 
from the shaft; 

^ ■ T^ steel mal<»:;it 

a preferred material for the stent 10. As Is set forth more 
funy bejow. the stent, including trte h 
f rorn a fiat she^^^ 

cutting,'pir-.!^^ (EDM);.and:.^oy: 

thelikbv: It alsbJs cbritiBm^ 

fbririedjndefi^^ 

tached to it by welding, brazing or another process with 
the; iequiyat^ The body has vyidth VV and length 

Li which length will be parallel with a longitudinal axis A 
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of the stent when the body is rolled into a cylinder to 
secure the cylinder. lengthwise ec^ 30;pf Ihe 

body can be connected with a suitable rheans such as 
by welding; brazing; spldei-irig or with adhesives: A yt^ 
trium-YAG. laser is particularly suitable for weidihg the 
lengthwise edges 28,X together (See FIG 2). 

in a presently preferred ernbod^^ 
FIG. 1. it is contemplated that a stent with the dim^ 
siorial characteristics disclosed- below would bei suited 
for Use yyith a graft in triple^ 

of vascular anatorifiies. It. is'ciear,. Bovyever, that^ stent . 
with other dimensions might be equaHy uiseful i 
delivery procedure, Preferabiy, the stent 1.6 is formed . 
fronna flat sheet of stainless steel: For a fl 
tp^beirig.ipiled 

stent is approximately 16 millimeters (0.63 jnches)r 

while jeingth: L bilheisteniv eocclus^^ hooks iiSO^. is in ■ 

the range of about 5; 1 td 50:8 miNimeteirs (0:2 to; 2:0 

inches), Jt is desirable for the cpnnecti^^ 14, 

tdhavp.a transye^^^^^ 
■ verse dimensions o^the undulating components of the 

expandable barids: The shaft;o^ 

C ofapprc«irriately 1 ^3^ diarn- 

eter (or width) D of approximately 0:2 m^^ 

iricfji)v The barbs orthe'hodks'liave V^^ 

..rnate ly 0. % rri illim^ters; irich): As; stated^^ 

m^n^lpns are pre(^ the selection of the most 

appropf iat© diriien^^^^^ 

may vary cbnsiderably' fronri peSien 

After the stent lO has been rolled into its cylindrical 

shape from a fiat she^ 

featliresjDf the devicff are s^^ 
.beunlfprTTilye^^ 

to ^ significant ;degree;^^^^ 

level of diametric expans^^^ 

cylindricar rings 12 are transverse to the longitudinal 

axis A of the finished stent, and the varying degrees of 

curvature B between peaks 16 and valleys 1 8 tend to 

equalize th e stresses experienced ; by th e' stent du ring ; 

expahsioh, so that the peaks and valleys of each band 

defoM.radi^ 

tipp ct ari e)qparisto^ 

. th e,:^tent to^^ an initial, s^ to. ■ 

any number of large r dia^^ ■ 
JJntercphnectioris l-i^ 

aligned with the interconnections between all other cyr : 
; jindricairins^ 

by traversing the distance between the peaks 16 of con- 
i^equtiy^c^^ 

cylindrical ring is in phase with the pattem of every o^^ 
ring. This manner of connection of the cyliriidrica^^ firigs 
thusminimizes the degree, to- which tha-stent wiil be- 
^shortened br yyill cpritract •; a|^ 
when it is expanded radiairy;;about lohgitudi 
Thj^: configuration also limits: t^^ the Stient ujio^ 

expansion and it enhances more unifprm expansion! '■ 
The in-phase cylindrical ririgpatteons further are thp 
to reduce the likelihood that the stent or any portion of 


it will recoil, or collapse back to its starting diameterafter 

■ deploymerit. 

the number and onentation of the connecting mem- 
bers of the stent 10 can be varied in order to maxirtiize 
the desired longitudinal flexibility of the stent structure 
both in the unexparided and in the expanded condition. 
Flexibility: is advantageous during deployrTneht of the 
g raft aind stent ■ becau sis it improves th e ea^e and safety 

. with wiiicKthecoirribiri . 
y^cular systenn to^^m^^^^ affbcation 
pfthesterit to theabrtic w^^ . ; 

imizes alteration of the rijatura 

^ due.tp the irnpla^ 
the portions of the vessel sup^^^^ 
cretei bands alsohave the capacity to; rptate. sligtly with 
respect to each other without causing any significant al- 

vterat ion of thie. basic byiirtSrical^s^^ 
cordirigly, the cylindrical rings arTd;c^ 
tiyely result in a stenlthat Is very flexibly alprig its length 
or longitudinal :axis, but. which 
sion and is very. stable and resistant of collapse: The 
retjculated structure supplied by the patterning allows ^ 
for the; perfusion brarterial Blc^ 
aortic wall to which elemerits 14 are aittsiched to ah 
the graft and stents or graft and stent iri pla^ 

. tusiori prorrjo^^^ of the;isynthetic' prosthe^^^ 

by the aprta and, more generally, healing of the treated 

•■■■site:;;;-- ■ <^ ■-::sv^:--.-v:.:.. 

The more uniform radiai expansion of this design 
results in a stent 10 that can be expanded to a large 

■ diameter without, s 

cause no hijgh stresses are cbricehtrated iri any brie^ 
; t ipu j^r regibri: of t^ P^te m: Raithe r; : 

the forces; ^a^^^^ 

and the yaHey s 18 , al Ipvyin g Jhe | cy l.iridrica rings 1 2 to 
expand uniformly. Minimizing the out-of-plane twisting 
experienced by the stent during delivery arid deploy- 
ment of the graft-and-stent combination also carries with 
it the benefit of minimizing the. risk ot thrpmbus forma- . 
tion. The special expansion characteristics of the stent 
pf the invention also allow any portfon df ;th^e^^^^^ 
e)rtends:distajl^^ 

^xp^irid: e^^ graft has acli ieye^^ ' ; 

cross^sectional dimension, so as to more securely affix 
the graftTanistent combih 
below the aneurysm;: 

1^ ;;: 
the likelihood that fractures in the stent 1 0 will iDccur due 
t6>tr;essies a^ any particular re^^ 
ring 12 of the stent: This feature also contributes to the 
?t)!iity of th^ be expanded to a ^g^^^ 

and at a ifaster rate than was feasible previously with 
pj^ierdesign J 
> pahsibhand the degiree to which;expansi6h caiis^^ 
.gitudina^ ' 
•is ■minimal;- • - 

In keeping s the invention, the attach 
ments 20 can be provided in a variety of shapes and 
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configurations to insure adequate attachment of one or 
more sterits 10 wKlle^ the he^ process to aissiir^ 
tlie stent into the aortic wall of the aorta through en- 
dothelial tissue growth |s takirig place. In FIG;4, the at- 
tachment elements 20. aire in the forrn of spikes rather 5 
than hooks, being straight and having sharply pointed 
tips at the end of the shafts; The ie^ 
F of shafts 32 and tips 40 respectively; are a^^^ 
iy,.1,.^ miiiirneter^ (Oi^QS inch). When the'st^ 
pahded,;someof pea 18pfthecy||nd 
ririg 12, or portions theireb^^ e)rtend distaity or 

proximally of the graft, may tipi outwardly, be^^^ 
becidedin the a^ 

become lodged in the vessel; thus aiding in retainingthe 
.^tent in place as the, stent becomes pern[iahi9ntly ihri^ 
planted; Support bars 36 are provided at lengthwise 
edgies 28 and X ot t^^^ t)ody;26, to-provide support 
materia! for a joint. As the stent 10 is rolled into a cyliii- 
drical forrn, the edges 28,30 can abut or overlap and 
then can be pemianently aff^^^ 

means such as laser welding, brazing, soldering; epoxy, 

andthelike;---:'- 

r: ■ Stiii another eiTib<xiiment of the stisht of the Inven- 
tion is shown in FIG: 5. As in FIG: 4, the attachment 
elementis 2brare cbnfipre 

barbed hopkis: . In lieu of support bars. 36, the lengthwise . 
. edges 28 and 30 of stent body 26 are provided with . lap 
joints 38; which alIo\y the s 
cured as a cylinder The lap jb 
mate when the stent 10 is rolled into its cylindrical con- 
figuration^ Theilapjbiii^^ 
by welding, brsizingi sbldisiring- or the app^ 
eppxy; p^^ hav^ihg- a : 

barb portion 34 also may be formed :on the st jsht ; end 
opposite attachrnerit sp^^^^ in FiG/5, ^ .. . . 

Another embodiment of the attachment elements 
2ais jilust rated in 1 Sarbs §4'with 

sions similar to those of the barbs of FIG: 1 are provided; 
however, the barbs por- 
tions 42, which have length G of approximatisly 1:3 mil- 
limeters: (0:05 inch): AQain, the dirnehsidhs set ;fprth 
herein orily are tpr illu porpoises and vyjil yary 

wideiy de^ upon tha application: and the patient ■ 
It readily can be appreciated that many other types oif 
attachment elem 

laterally with the stent body without departing from the 
sc^^ Fpi: exai^ biarbs cairt^ 

be provided spaced apart from each other on the shaft 
of a single attachrrieh element for more than phe^a^ 
site per element: The angles formed between the shafts 
and barbs can vary and ca^^ selected so as to^b^^^ 
accomplish the anchbring function in a given applica-: 
tioh. Many othe r shapesand configurations are contemr. . 
plated that are designed to optimize the attachmisht pf: 
this end ..of the stent'to^ aortic wait while'the^,h 
process is taking place to assimilate the stent and graft 
into the vessel by e^^ 

Details of the varbus processes by which the stain^ 


less steel stent can be manufactured can be found in 
copending U :S;;S6ina^ 4 and 08/1 64,986. 

Briefly, the stainlesis' steel stent can be formed by a . 
chemical etch proce^^^^ or a piece of 

tubing, the areaibf stainless steel to remain are iden- 
tified by coyeringthe regioris with a material resistant to 

. the chennicals used iih. the etchihg p^ such that , 
when the metal is exposed to the ch the open- 

ings prreticiesjn the: patteitiiBdstructui^eare,^ 
reaction if>f the ch^ with the unpriptecfe areas of 
the steel. The etching process develops smooth bpenr. 
ings in the sheeting; or tubing burrs or other 

artifacts that can be characteristic of other process 
when prcKJucts of the snriall sizes contem^ 
manufactured.^.':^^j^^^ process may be :: 

used after the chemical etching is complete in orde r to 

. polish the stent surf ace .the ! stent . su rf gfce can be pbl- 
ished to an approximately 1 2.7 to 25. 4 micron (5' to 1 0 

. micrp inch).finish.^^ . ..^^ 

There: are; ::numerpus::'a chemically ^ . 

etching a fiat sheet of material, such a stainless steel, 
into a stent emboyding the invention: For example, 
chemicai .etching is ecdnortiical since a large humbei' of 
stents can be chemically etched on the same flat sheet 
at.the sarhe time: the cher^^^^^^ 
no burrs and the surface fim the eventual; insid 
diameterpfthestentcanbeirnprovedbyelectro-p^^^^^ . 
ing on one side only;; Furtherrchernical -e^^^ 
no extra heat treating to the^:^^^^ that are being prbcrx 
essed: The raw material wall thickness and grain struc- 
ture Jsnr»bre uniform ia^^ 
ical etching a staihless^^ 

] th e : bevel pf; the: b^ be' bbntrbl |ed, wh e reas '^^^^ 

wher»: tubing: is; et(^ed;;:th^:]^^ 

on the. inside diarriete^^^^ part on the outside . 

diameter;; 

. . Ah irWportarit ad^ 

stent from a flat sheet of stainless steel material is that 
a p rpcess known as- "step: etching" can be used. For ex- 
ample; by using step etching in the areas of the spikes 
20 iri; FIG : 4. it is possib le tp remoy^^^ material : 

so that the:Spikes will bend put^^ 
expancied; In pth er wbrds, ] -step ; etch in g allows for the : : 
removal of material in highly selective areas so that 
upon r^iai expahsicxi of .Ih^ having leissip^ 

material will have a tendency to bend or distort, such as : ; 
with the sp^ engagb the a^ 

wall. ■ " ' ■ ■ 

Phbtp^lithbgiraphic te^^^ be :em: : 

ployed for the manufacture of the stents, using a com^ 
puter-cbritrblied iase remove the 

chemically resistive coating appiied^^to metai sheet 
' pr tube^ A ptuiality3^^^ iorme6 frorri-pne:: 

: length of sheeting br tubihg. iby i^^^ stent pat- 

tern arid pfw to irjtercprihnect 

the stents. After the etching process, the stents can be 
separated by sevemg the sm^^^^ ta.bs. Subse- ■ 

quentiy. it the stents were formed or^^ sheet, the indi- 
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vidual stents are rolled and the edges welded together 
to provide a cylindrical configuration. 

Yet another method of rnaking a stent embodying 
the invention is by the commonly known process of elec- 
tronic discharge machining (EDM). Using EDM, the 
stainless steel stent can be forrtied firom a flat sheet or 
from a section of tubihg. ... 

When the stent' 10 is niade from a material that is- ' 
difficult or impossible tb.detect.uh^^ 
as stainless steej, it is desirable to incorporate radip;; 
paque markers to identiify the position of the graft-and- " . 
stent assembly during deployrinent. The stent 10 can be ■ 
coated with a metaltilmithat j^^^ ' 
silver, platinum, tantalum and the like. One method of^ 
coating the stent with a; radiopaque rna disclosiec!. . 
in copending U.S. Serial No: 08/233,046: 

One preferred rriethbd of iricblp^^ 
a graft deliviery system Is illustrated in FIGS. 8-11 . The 
delivery systeni 50 is used to deploy tubular graft 52 at . . 
thei site of abdomirial aortic aneurysm 54 via stents 56 ■ ;; 
and 58. The structure of stents 56 and 58, the materials 
from which the stents are made, and the processes that 
might be used to fbrrh the stents aire set forth in ..detail . 
in connection with the discussion of FIGS. 1-7. It is corl- 
tenriplated that this usie' of the stent could be accomT! 
plished wfth a wide variety of graft types, Due prihcipally; : 
. to the ability of the stent of the .invention to expand rap- 
idly from a very small dianneter to a much larger diameter 
without substantial shortening; a stent with a relatively 
short length can be used. The graft used in this delivery 
system is sized so thait fts^^^^ : 
matches thiat of the healthy' p^^^ 
L be 

■ of the type used in btheir percutaheou^^ 
deploying stents and other prc^theses to repair port 
of bloodvessels. The catheter has a first lumen extend-^ 

. ing along its length which is in communication with two 
expandable members or balloons disposed atthe distal- 
end ot the catheter. Thei ballophs are spaced apart for 
a distance that is slightly less than the length of the 

\] shortest graft intended to be deployed using the systern. 
Pressurized fluid or gas can be introduced into the bal- 
loon lurrien to inflate the balloons; rip exert ah outward 
radial force on anything disposed about the balloon. 
; : ; After the ; stents 56 and 58 have been att^ 
: the graft 52, the graft-andrstent combinatbn is: loaded:: 
: onto the distal eh^ of catheter 60: ' The cbmbihatioa is 
positioned so that each stent overlies a balloon 62 and 
the graft rests oyer a 

portion of the catheter that is between the two balloonsi 
|n qrcier to insure that this graft and ste^ this 

: positbn until the deployment tunctibri is accomplished, 
the -twb stents are connpressed or 'crimp'e^ 
ballbbris prior to insertion of deliveiy^^ 

■ ; patient: The graft and stents alsp^can :bb: s^ 
sitioning the stents between ridges or collars provided 
ipn the expandable members, y^rtiich will restrain: jateral ' 
movement of the combinatbn; Altemativeiy, bicxJegrad- 


abie adhesives might be used to temporarily affix the 
stents; tp^t^ the adhesh/es 

degradation and absorption by the body when it is de- 
sired to deploy th^^ 

The catheter BO.further is provided with a sheath 64 
that helps to hold the graft and stents onto the catheter 
and which prev^ direct contact of the elerhenta 
colribihatioh^ the wal Is of the vesisels while th^ sys- 
tem is being advanced to the treatrheht site, thus^ p^ V 
tecting the yasc^^ of the patie ; 

edgeslpoihe A rod or wire efe.pr , 
mechanical element is conn ected to the sheath arid ex- 
■teridspK^ 

it cajl be manipulated by the physician exterior to^^ 
patient and j^tra^ (prpxinria j pidejplby^ . ■ . 
ment; Alternatively, a sheath can be provided that 
trave rses th e enti re length of the , cath ete r, and can be V 
retracted (prbximally) from outside patient to expose . 
the,graft-and-stent;Combinatto^ 

;:;;The -catheter has a^ thrpUgh vyhjch: 

guidewire 68 passes: The guidewire advantageously is 
advanced through the yasculat^^ 
the sitebfaneury^rn 54 ias a pre^ in the jgraft 

delivery procedure: After the guidewire has been pos i- 
tioried.'the cathete^^^^ 

vanced oyer the guidewire. Although a particular. form : 
of cathjBte r has been described to route the gcaft-and- 
stent combination to the aneurysnri; it wjir^^^b 
to those skilled in the: art of treating aneurysms and sim^. 
iiar conditions and of percutaneous catheter design that 
catheters of varibiis^^ 
thelike could be iis^^^ 
function. ;F^^ 

exchange wire systert^ also can 
system describeld 

Attachnrient elements or hooka 2^ 
the most distal end 22 of the stent 58, which hoolks ultir 
mately will attach the graft-and-stent combination to re- 
gions in the: ihtimaio^^^ or necessary.; 
to achieve a more secure attachment, hooks also can 
be prpyided oh the proximal end of the stent 56 for at- 
teching lp the apilic 

aneurysrTi/The hpok^^ anchor/the stents- and th^ 
while the implantation process is on going, and before 
the body ; ; Bais natural IV'' ass imilated thia 
through intergrowth of endothelial cells. : 

each are affixed to an end of the g raft 52 by staples 53: 

Other ajpiprbp^ meiahs might b^ usfed, such as 

compatible adhesive, for example ari epoxy resin; to at- 

tech th e ste 56, 58 to the graft 52, Alte mat ive jy. ih e 

stent might be sewn onto the:graft at selected points. At 

least japc^^ c^^ ths Stents 56,58 >^ 

52i:i^odOhe stents a^ 

theti Subs^ steintwH^ 

graft:--- 

. Iri FIG. 8, all .of the elements o^ the gr^ft diBjiyery; 
system 50 except the distal end of the guidewire 68 are 
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. shown positioned proximally of the aneurysnn 54, before 
the graft 52 and the stents 56 and 58 have been de- 
ployed. The sheath 64 ot the catheter 60 covers the graft 
and stents disposied about the balloons 62, and the dis- 
tal end of the guldewire has entered the region of the 
aorta that is affected by the aneurysm. In FIG. 10, the 
sheath is withdrawh:(pr6xirhalty) exposing the graft-and- 
stent corribihatibn and the catheter is advanced 'so that 
the graft-and-steht combiriatioh sp^^ the arieurysmi 
The balloons 62 are iififlat^ pressurized flm 

gas source external to the patient, and the radial forces . 
accompanying expansion of the ballcons are app to ; 
expand both the graft a^ 
pressing both elements against the aortic wair^7 
imal to and-distajitb the^ The. hooks 2^^^^ 

vided on the stent 58 become embedded in the aortic 
wall 72i to . anchor the girah-ahdrsterit . coriibi^^^^^ 
against downstream aHeriarpressure while the healing 
process takes place. In FIG. 11 , the delivery apparatus , 
has beeri withdravm and the gra^^^ ; 
tion isin final position across the aneurysm and attached- 
to healthy tissue in the^^ 72: It should be un- 

derstood that when the tiibula^^^^ 
not stretching or deforrhing but is simply opening from 
a closed diarheter tb sin 6 

The graft material is geherially. Inelastic and can be made ; 
f rorri any numberof nnaterlals compa^^ 
such as that manufactured under the trade narnes DA- 
GRON® or TEFLOKliS), and poly^^ 

: Another preferred method of incorporating a stent 
'. erhbbdyihg the present Jhveiritiori iritb- a griaft delivery ox 
systern is illustrated in: FIGS^ i 2 and: I S^Thi 
merit differs froni that '^Howh in FIGS: B-1 ii ;Jn thiat a sjn^^: ; 
gle stent is used to anchor the giBft in FIGS: 1^^ 
two stents were used in F|GS. 8-11. A single stent Is 
appropriate In the aorta where blood pressures can ex- 
ceed lOO mm/Hg, which is enough force to hold the; 
proximal end of the graft in place without the need for 
an anchoring stent on the proximal end of the graft. , 

Delivery systenri 80 (FIGS. 12-13) is shown in the 
abdominal aorta,: just praxi aneurysm 54. A^^^ 

sirigle stent 82 is attacheid by |ts proximal end 24 to* the 
distal end of the graft 5i2^^^ staples, adhesive, orb^ sey/-' 
ing or other appropriate means as previousiy described: 

eter 60 and the stent is crimped or compressed ontothe : 
; balloon 62^ A rietractabl e she iB4 cbvieiriS ahd^p 
both the graft-and-stent combination during delivery 
through thf vascular syste^ t^e sheath 6$;is withv 
drawn proximally to allow deployment of the combina- 
tion. Hboks 20 exterid from the mb^^^ ^djstial cylindrical 
element 1 2 to atech the graft: and stent to the aortic wall 
72. can be: underst^^ 
and 13, the stent is affixed to the distal end of tha 
so that it .substantially exterid^^ the graft, with the 
result being that radial expansion forces can be applied 
to the stent by inflating the bajlbori 62 pf the catheteir 60 
and simultaneously applying expansion force to the 


graft 52. The stent is expanded simultaneously with the . 
graft to drive the hooks 20 into the/aort^^ wall 72 in 
healthy tissue distal to the aneurysm 54, to anchor the 
combihatipn to the vessel. 

Another embodiment using a stent ennbodying the 
invention in a graft delivery system is illustrated iri FIGS. 
14 and. 15. the delivery systenri 90 :irictudes a.s^ . 
which is cbaxlal with and which extends the length ^b^^^^^ 
and beyond the graft 52, such that the firs^^ 
the stent 92 extends proximally of the graft . 
.second portion 96.extends distally.pf'the.graft L 
distal cylindrical element 12 of the stent 92 is equipped • 
: with lippks 20, which,will be. re|ied,'ujpca 
deploy ment to anchor the g raft-and-sterit ^ cdnr^^^ ; 
. to healthy a^^^ 
by the body of the patient. 
, .. The balibori 98 necessarily: nius^ 
greater length when rheasured along a^b^^ 
A of the stent 92 than, the ballporis pf previously der... 
.scribed embpdirpents, because the stent of .this:em 
iment is at least double the lengtli of either of the two : 
stents used in the preferred method of delivering the - 
graft and of the stent used in the erhbodirrierits of FIGi^^^^^ 
■■8-13.- ■■ 

:: As carii be seen with ieference fe FIG -^^^^ 
92 and the graft 52 which 6yer||es it are ppsitipne^^ 

. that the graft spans the length pf the aneurysrn,54. T^^ 
balloon 98 then is inflated with pressurized f|uid or gas 
to expand both the graft and the stent sirnultaneousty 
andto force the hooks 20 into engagement with the aor- 

:tic wa!l: 72: dista^^^ 
nnembertheii is'deff^ 

. dravm,.I^|ng the:gra^ 
in -th e' .blood ■ vesse I:-' ■ *" ■ : ■ ' ' ' ' , 

. . Whi le the invention has .been i l| ustrated and. de- . . . 
scribed herein in terms of its use as an endoprosthesis 

. for implanting a graft to treat an aneurysm, it will be apt. 
parent to those skilled in the art that the stent can be 
used in other instances in othier vesseispf thebbdy. Be^: 
cause the described stent has the nbvel features of at- 
tachment elements and the capacity to :exp^ 
f rprn relat jy ely smal ! diameters to relatrvely large diarn^ • 
. ete rs , the stent is particu larly we II su ited.f ^ :impiantatiQn : . : 
in almost any vessel where such de^ 

: TTiis :f eatu^^^ steritCdbes :: 

: not contract or recoil to any great degree after it is radir - : 
ally expanded; :pi^ T 
membar for other types of endoprosthesis: Other mod- 
ificatibris :and utiprciyiB rrients may be ma^^ without d 
parting from the scope of the invention; 


55 1. Arv intravascular ste^^ for irhplantjng: irTi:^^a^ 
lumen, comprising: 


a plurality of cylindrical elements which are 
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independently expandable in the radial direc- 
tion and which are intdrcpnniBcted s^^^ 
generally aligned on a cbmnnon longitudinal 
axis; 

a plurality of connecting elements for intercon- s 
necting said cylindrical elements, said connect- 
ing elements configured to interconnect, only 
said cylindrical islanrients that a^^^^ to 
each other so that said stent, when: ekparided ., 
iri the iBdial clirectibh/ retains its oyerajhl^ io 

without ajpprec [able Sfriprteiijng; 

a plurality of hooks on said stent for attachiriig • 
said stent to thei; body, lumen -^^^.^ 


2. The stent of clainri 1 , whei'Bin said plurality pt hoo^k^^ 
penetrate the body lumen to more securely attach 
said stent to the body iumerv ■ ' 

3. The stent of claim 2, wherein said hooks penetrate. 
: all the way through said body lumen. 


joints engaging in a mating relationship when said 
stisht js rblied into said cylindrical cdrifiguratiph. 

12. The stent of claim 1, wherein said stent is formed 
of a biocompatible material selected from the group 
of materials consisting of istainless stisel, taritalum 
and therrnoplastic polymers. 

13. The stent of claim 1, wherein said hobkis are 
attached to sajd first end of sajd stent by any of 
. weldihg, brazing, spidering and adhesiyes. 


. .. 14. the.steht of clairn. 1 ,:where^ 

^ radially outwardly from within by a force so that said 
stent, exp^ trorfi a first dikmeter .to a second,!^^ 
larger diameter to engage the body lumen; " 

15^ The stent of claim 1, wherein said hooks are ,6h a 
first end of said stent. 


20 


4. The stent of claim 1 V wherein said pluraH 

each have a plurality of barbslhat extehda distance 
from said hcMDk and penetrate all the way through 
the'bcKjy luriri^n^-." ' •/ .-iC.L'yZ^ '.25' 

5. The stent of cjaim 1.. wherein said plurality of said 

cynndrical elements are capable of retjaining their^ 
expanded cohditioh over a range of diameters- 

■■■■ ■■■ 30 

6. : The Stent of xilairri 1 -i whe re in --said plural ity of 
:cdhhectih:g elem 

. . : el ements; are; in axial aligriirn &nt!l • ; 

7. The stent of claim 1. whereiathe 3$ 
from a single piece of tubingr^^^^^^^^-^^^^^ - 

8. The stent of clairrf 1 , wherein said stent is formed : 
from a flat sheet of rhateriaL J 

9. The stetnt of claim 8, wherein s;aid stent is ro 

a cyliridricai configuration frpm^^ flat she^t pf 
mater lai, said flat sheet of material liaying a first Ion-' ■ . ; . 
^ gitudinal support bar and asecond longitudi^^^^ 
port bai' v\rtiichi mate 

said cylindrical eonfiguratioa;^:-^^^:^^^^^.:.:^^^^^:: .x^^ 

10. The stent of claim 9, wherein said first longitudinal 
;sujpport^^^ said second Idngitudirialis 

are attached by any of welding, soldering, brazing so 
and aidhesives. 

:11,;- TJie stent c^^^^ wherein said stent is roiled in^^ 
a cylindrical configuratibh; from siaid flat sheet of : : 
material, said flat sheet of material having a first lpnr ;: ss 
gitudinal edge with a plurality of first lap joints and 
a second 1^^^^^ 

lap joints; said first lap joints and said second lap 


16, A grafl-and-stent assembly for repairing an aortic 
janeurysm, the combination comprising: 

ah expandable tubular graft having a distal iend 
arid a proximal iend arid halving a length suffi-^^ 
:; cient to span the aortic ane^urysnri so that said 
distal end and said proximal end are adjacent 
healthy aortic tissue; ■ 

an expandable stent affixed to said graft, said : 
stent extending for at least a length distally of 
. : saidgraftsuchthatu^^ 
: arid-isterit cbmbiriatibri; af least a first pbrtibri of : : 

. . stent will esrterid dista||y pf^^s^ 
V' ' '^ofsaid-gj-Mt; : 
said stent hayin 

ments which are independently expandable in 
the radial direction and: which are intercon- 
nected so as to be generally aligned on a com- 
mon longitudinal axis; ' ^ i : 
• a plurality of connecting elements for iritercbh- 
necting said bylindrical elenierits, said cbrihect: 
ing elements configured tp^^^ 
^id cylindrical elements that are adjacent to : 
each other sp that said stent; when expanded 
in tke radial direction, re^ its overall iehgth 
without appreciable shortenings 
Mjd stent further ing least pin© iattach:: 
ment means at said distally-extending portion 
of said stent fbr engage 

of the aneurysm and affixing the graft-and-stent 
combinatiprj to repair the aortic aneurysm; and 
catheter means for delivering and deploying 
;said stiDnt arid said cjriift, s^^^^ catheter Hayi^^^^^^ 
a ballobri jpprtibn for radially exjF>ahdihg said 
stent into eri gagem with the abrtic wal L 

17. The; graft-and-stent ass^^ wheriein 
said at least one of said attachment means includes 
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a hook on said dislally-extending portion of said ■ 

' stent:;" " ■ " ■ ' v't7^;.-- - 

18. The graft-and-stent assembly of claim 16. wherein 
said at:ieiast one of said attachment means at said 
distally-extending portion of said stent includes a 
pluraiify or hooks for penetrating tba aortic wail 
thereby affixing the graft-and-stent cdmbinatioin: ; 

19. A graft-ahd-stent assertibly for repairing W^^^ 
aiieurysm, the cpnribinatioh comprisi^^^^^ 


: Mexpahdable; tubular graft having adjstal en^ 
and a proximal end and having a length ■suffi- - 
cient to span the aort: 

distal end and said proximal end are adjacent 
to healthy tissue; 

a distal stent and a proxirhal stent affixed^.t^^ 
graft at said graft distal end.and said graft prpxr; , 
imal end respectively, each of said: stents 
extending for at least a length out of said graft 
such that upon expansion of the graft-an^ 

: combinatibnrai least a first jDortlbn of -each- of 
said dlistal stent arid said proxirriar stent will 
e)fehS but of sai^ : 

. said distal stent and said proximal stent each 
having a. plurality, of cylindrical elements which, 
are Indeipendently expandable in th e ■ radial ■ 
directiori and which are interconnected so as tb 
be generally aligned on a common longitudinal 

■ :-..aXlS;:::--';,.'."; ■ " - 'U l <>y.'S x^>X::o^^^^^^ . 

a plurality of corinectihg elements for iritercbriT: 
pectin g saidcyiindrical elernents, said co^ 
irig elements configured to interconriisctrohly 
said cylindrical (3lements that are adjacent to 
each other so that said distal stent and said 
proximal stent,: when expanded in the .radiai: 
direction, retain their overall length without:: 
appreciable, shortenirig; 
said distal stent further including at leaist one 
attachm^rjt rrieains: at said distally-eirten^ 
portion of said distal stent for engaging the aor- 
tic Wall distally of the aneurysm and 
disial stent and graft combination to the aortic 
■ . wal j; and. ' ] 
catheter means for delivering and deploying 
said distal and prbxihnial stents : and said ; graft, : 
said catheter having at least one balloon por- 
tion for radially expa^^^ said d istal stent and ; 
said proximal stent into engagement with the 
aortic wail. 


26. the graf^aridist^^^ #iiei;ein ^ 

siaiid distal stent has a plurality of hooks on: its distal : 
end.lor penetratinglhe aortic vrall thereby affixi^^^^^^ 
said distal stent and said graft to the aortic wail. 

21. The graft-and-stent assembly of claim 19, wherein 
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said proximal stent has a plurality of hooks on its 
proximal end for pendtriaiting t^ walj thereby 

affixing the graft-and-stent combination to the aortic . 
wall. 

A graft-arid-stent assembly for repairing an aortic 
aneurysm, the combihatibh comprising; 

an expaihdable tubular graft havihgii distal erici C 
airtd a proximal; end aind haying a lenjgth' S^^ 
. cient to span the aortic aneurysm so that said. ' 
distal end and said proximal end are adjacent 

. '.. .. . xheatthy tissue; : 

an expandable stent disposed coaxialty within • 
. arid affixed t^^^^ said stent e)rt ending, 

for at least a length distalty of said graft such 
that upon expahsiori of the: graft-ahd-stent • 
cbmbiriation at least a: first poilion of said stent 

. will extend distally of said distal end of said 

'graft;; \ j: 

said stent having a plurality of cylindrical eie- 
ments which are; independentiy expandable]^ 
the. radial directibh^iahd A^ are ihtercbh- 
nected so as to be generally aligned on a com- 
. . ■ mbh lohigitudihal axis; .r ■ 
' a plurality of cphriecting elem^^ 

for connecting said cylindrical ejemerits, said, 
connecting elements configured to intercom 
nect only ::said . cylindrical : elenrients^ :t^^^ 
adjacent to each other so that said stent, when 
■ ; : : expanded: - ia^^ W^ 

overall length; withbiijf appre^ 
■ : ; and; ' ■ , i 'p ,[.] ..;:,:::;.;.;:.:;;:..:;.;... ' : :.; :'; ;: . ■.:.;;■;:" : ;. ;;,.::;. ■:;;.; ;.;.;;?:::;:,!. 
catheter means for;; delivering an^ 
said stent and said, graft, said, stent expap^^ 
into engagerrient with the aortic wall to affix said 
graft and stent combination to the.aortic wall. 
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45. 


: 23.: the graft-and-^teht assembly c^^^^^^ Wherein 
said stent has a plurality of hookis at its distal end 

. . for penetrating and 'attaching said; stent^hd-graft 
combination to the aortic walL^^ 


so 
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24. the graft-and-stent assembly of claim i22, whereia^^ 
said catheter iriclucles a^^ 
: with the radial expansion of said stent and for forcr : 
V : ihg said hooks iiitos 

25: The graft-and-stent ass^^ cjaims; 16; 

19 or 22, wherein said catheter further includes a 
retractable - sheath for retai niri g said graf t-ahd- 
: : stent combiniation on said catheter, said retractable 
: sheath is vyiihdra\Am ii^^^ 

thereby alk3wirig said,steh to j-adiallyi.expaiid Into 
l:':'.^ contact with the aortic walL . . 
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